Introduction
Root-knot nematodes are the most important plant parasitic nematodes in the world, due to the wide host range, worldwide distribution and interactions with phytopathogenic fungi and bacteria (Sasser, 1979) . Tomato (Solanum lycopersicum L.) is a suitable host for most Meloidogyne species. The most important Root-knot nematode species in Iran are M. incognita and M. javanica with a broad host range and great dispersal, making plant roots more vulnerable to soil pathogens (Hosseini-Nejad and Khan, 2001) .
Today, numerous microorganisms have been introduced as antagonists of plant parasitic nematodes (Akhtar and Malik, 2000) . Some species of Trichoderma have been widely applied as biological control agents against various soil-borne plant pathogens
Trichoderma viride and Pseudomonas fl uorescens CHA0 against Meloidogyne javanica in the rhizosphere of tomato plants
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Summary Root-knot nematodes are among the most important pests that reduce tomato yield in greenhouses and fi elds in Iran. The scope of this research was to evaluate the antagonistic eff ect of Trichoderma viride and Pseudomonas fl uorescens CHA0 on the reproduction and galling rate of Meloidogyne javanica in tomato roots. A pot experiment was conducted on seedlings of tomato cultivars Bony best, Falat, Mobile and Walter grown in sterilized sandy loam soil. Inocula used for artificial inoculation were 3 J 2 /g of soil for the nematode, 1×10 6 spores/ml for the fungus and 1×10 9 cfu/ml for the bacterium. The nematicide RUGBY ® 10 G (cadusafos) was used as a reference product at 2g per each pot. Two months after inoculation, the number of knots and egg masses per root in the treatments were (with descending order): control (nematode), nematode+bacterium, nematode+fungus, nematode+fungus+bacterium and nematode+nematicide. The combination fungus+bacterium enhanced the biocontrol eff ect against M. javanica activity as compared to the fungus and bacterium stand-alone treatments except for the cases of the cultivars Mobile and Bonny best in which the eff ect was similar to the one by the fungus alone. The fungus + bacterium combined treatment was equally eff ective to the nematicide treatment for all cultivars. The highest and lowest rate of nematode activity was observed in Walter and Mobile cultivars, respectively. ical and morphometrical characteristics of body and perineal pattern, the nematodes were initially identifi ed (Hunt, 1993; Jepson, 1987; Siddiqi, 2000) . Then, nematodes were multiplied on the rhizosphere of local tomato cultivars and second stage juveniles (J 2 ) were fi nally obtained in the glasshouse. Infected tomato roots bearing large egg masses were incubated in water for three days at 28±2°C and hatched J 2 were collected and counted. Nematode inoculum level for each of the treatments was determined as 3 J 2 /g of soil (McClure et al., 1973) .
Biocontrol of nematode using T. viride
Trichoderma viride was obtained from the culture collection of the Department of Plant Pathology, Shahed University, Tehran, Iran. It was cultured on potato dextrose agar (PDA) for 14 days at 25°C. To prepare the inoculum suspension of T. viride, about 15ml distilled water were added to the growing colony on PDA medium in a Petri dish. The spores were suspended in distilled water using a sterile glass rod and applied gently on the surface of the colonies. After that, the suspension passed through two layers of sterile net fi ber. The number of spores per ml was estimated by a hemocytometer. A spore concentration basis of 1×10 6 spores/ml was adjusted by adding distilled water and suspending (Sahebani and Hadavi, 2008) .
Biocontrol of nematode using P. fl uorescens
Pseudomonas fl uorescens CHA0 was obtained from the culture collection of the Department of Plant Pathology, Shahed University, Tehran, Iran. The bacterial inoculum suspension was prepared according to Weller and Cook (1983) . A full loop of 48-hour culture of the bacterium on King's medium B (King B) was transferred to a fl ask containing 100ml King B liquid medium and incubated for 48 hours on shaker (120 RPM) at 27°C. Bacterial suspension was centrifuged for 10 min at 6000 x g, and washed for 2-3 times with a natural salt solution (NaCl 0.14M) to remove residual nutrient medium. Bacterial cells were extracted by recentrifuging and suspending to a solution of 1×10 9 cfu/ml, which was prepared using the standard curve spectrophotometrically in a carboxymethyl cellulose solution (Weller and Cook, 1983) .
Plant material and inoculation
Tomato seedlings of four cultivars including Bonny best, Falat, Mobile and Walter were cultivated in sterilized sandy loam soil in the greenhouse. Seedlings were inoculated at the six-leaf stage (aerial parts were intact, and about 20 cm long). Each pot containing one plant, represented one replication and was kept under natural light and 25-27°C. In this experiment, the nematode inoculum was set at 3 J 2 /g of soil, the fungus at 1×10 6 spores/ml, the bacterium at 1×10 9 cfu/ml, while 2g of nematicide were added at the appropriate pots. Each pot was fi lled with 2000g plant substrate. The nematicide and each inoculum were individually applied to each pot in a volume of 5ml suspension in three separate holes around the plants to a depth of 3cm.
Evaluation of M. javanica activity on tomato plants
According to the proposed method of Hussey and Johnson (2002) activity of M. javanica was evaluated as the number of egg masses and knots per root. The roots of each plant were washed with tap water and drained on blotting paper. To determine the number of egg masses, the roots were divided into 3-4cm parts, then egg masses stained with Floxin solution B (0.15g/l of water), bleached with lactophenole and counted under a dissecting microscope (Hussey and Janssen, 2002; Taylor and Sasser, 1978) .
Experimental design and statistical analysis
This experiment was based on a completely randomized design with four tomato cultivars, six treatments for the control of M. javanica and five replicates, including: nematode+fungus (NF), nematode+bacterium (NB), nematode+nematicide (NN), nematode+fun-gus+bacterium (NFB) and control (Cntr). The nematicide RUGBY® 10 G (cadusafos) was used as reference product. Two months after inoculation, the plants were taken from the soil and the number of knots and egg masses per root were counted. The data were then subjected to one way analysis of variance (ANOVA). The means of the treatments were compared using Duncan multiple range test (Steel and Torrie, 1980) . All analyses were done by using SAS software version 9.1.
Results
The mean number of knots and egg masses produced by the nematode was significantly diff erent among the studied cultivars (P≤0.0001). The highest number of knots and egg masses belonged to the cultivar Walter while Mobile showed the lowest numbers. In this regard, the cultivars were ranked as Walter> Falat> Bony best> Mobile ( Figure  1) . Also, the treatments for the control of the nematode had signifi cant eff ect on the knots and egg masses (P≤0.0001). The highest nematode control based on number of knots was observed when the nematicide was added to the soil (ΝΝ) (Figure 2) . No statistically signifi cant diff erence was observed between the NFB and the NN treatments regarding the number of nematode egg masses (Figure 2 ). In the treatment NFB, the number of nematode knots and egg masses on the roots of diff erent cultivars was lower than in the treatments NF and NB.
Τhe interactive eff ect of cultivar and treatment was signifi cant (P≤0.0001) suggesting that the cultivars responded diff erently to the various treatments of nematode control. The lowest number of knots and egg masses (namely the highest nematode control eff ect) was found at all cultivars under the eff ect of the nematicide and the NFB treatment ( Figure 3 ). The number of knots and egg masses did not diff er between the NFB treatment and the NF treatment for the cultivars Mobile and Bonny best (Figure 3) . 
Discussion
Many studies (Ashoub and Amara, 2010; Dababat and Sikora, 2007; Golzari et al., 2011; Sahebani and Hadavi, 2008; Sharon et al., 2001; Siddiqui and Shaukat, 2003; Siddiqui et al., 2005; Siddiqui et al., 2004; Zaki et al., 2009) have been reported in the fi eld of biological control of plant parasitic nematodes, especially against Meloidogyne spp., through the application of several microorganisms, including bacteria and fungi. Natural enemies of nematodes are successful in reducing plant parasitic nematode activity through parasitism, toxins, antibiotics production, enzyme production and competition, inducing systemic resistance in plants and stimulation of plant growth (Tian et al., 2007) . In the present study, combination of T. viride and P. fl uorescens CHA0 enhanced the biocontrol eff ect against M. javanica activity as compared to the fungus and bacterium stand alone treatments except for the cases of the cultivars Mobile and Bonny best in which the eff ect was similar to the one by the fungus alone. Our results also indicated that the T. viride and P. fl uorescens CHA0 combined treatment was equally eff ective to the nematicide treatment for all cultivars. The combined eff ect of P. fl uorescens CHA0 and other fungi species has been evaluated on Meloidogyne species control. For example, Siddiqui et al. (2004) Several studies have indicated that the bacteria have antagonistic eff ects on the plant parasitic nematodes e.g. Pseudomonas on Meloidogyne spp. (Kerry, 2000; Jayakumar et al., 2002; Shaukat, 2002, 2003; Andreogloua et al., 2003; Siddiqui et al., 2005) . In recent years, Ashoub and Amara (2010) found that B. thuringiensis, P. fl uorescens RR and Rhizobium leguminosarum have been fatal for M. incognita juveniles. The latter two species of bacteria also have been effi cient in increasing plant growth. Meyer et al. (2001) used inoculums of Burkholderia cepacia and T. virens to manage the activity of M. incognita in the rhizosphere of pepper. Golzari et al. (2011) studied the eff ect of bacterial metabolites of Pseudomonas aeruginosa in the control of M. javanica on tomato, showing that the 7NSk2, UTPF92 and UTPF86 strains of P. aeruginosa produced hydrogen cyanide, protease and salicylic acid, which caused mortality and prevention of nematode egg hatching. In these greenhouse trials, roots of Early Bana tomato cultivar inoculated with the UTPF86 and 7NSK2 strains exhibited the highest plant growth activity and lowest nematode penetration rate, respectively. Sahebani and Hadavi (2008) were able to control M. javanica using T. harzianum in the greenhouse. This antagonist of the nematode has also been used for the control of M. incognita in the rhizosphere of tomato (Al-Fattah et al., 2007) .
In conclusion, according to our results, the use of a combination of Trichoderma spp. and P. fl uorescens can be more eff ective against M. javanica and will reduce the level of its pathogenic activity. Biocontrol with these two nematode antagonists in a joint application could provide similar results to the use of commercial pesticides at controlled greenhouse conditions. 9 cfu/ml για το βακτήριο. Το σκεύασμα RUGBY® 10 G (cadusafos) χρησιμοποιήθηκε σε ποσότη-τα 2g ανά γλάστρα. Δύο μήνες μετά την μόλυνση, ο αριθμός των κόμβων και των ωόσακκων ανά ρίζα στις διάφορες επεμβάσεις ήταν (κατά φθίνουσα σειρά): μάρτυρας (νηματώδης), νηματώδης+βακτήριο, νηματώδης+μύκητας, νηματώδης+μύκητας+βακτήριο και νηματώδης+νηματωδοκτόνο. Ο συνδυ-ασμός μύκητας+βακτήριο αύξησε την αποτελεσματικότητα της βιολογικής αντιμετώπισης του M. javanica σε σύγκριση με τις απλές επεμβάσεις με το μύκητα και το βακτήριο, με εξαίρεση τις ποικιλί-ες Mobile and Bonny best, στις οποίες η επίδραση ήταν ανάλογη με αυτή του μύκητα. Η συνδυασμένη επέμβαση μύκητας + βακτήριο ήταν εφάμιλλης αποτελεσματικότητας με την επέμβαση του νηματω-δοκτόνου για όλες τις ποικιλίες. Η μεγαλύτερη και η μικρότερη δραστηριότητα του νηματώδους παρα-τηρήθηκε στις ποικιλίες Walter και Mobile, αντίστοιχα.
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